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1
FLAT CABLE AND ELECTRONIC DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application of PCT/
JP2013/067596 filed Jun. 27, 2013, the contents of which are
hereby incorporated by reference, which claims priority to
Japanese patent application 2012-146584, the contents of
which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a thin flat cable configured
to transmit radio frequency signals, and an electronic device
including the flat cable.

2. Description of Related Art

Conventionally, a coaxial cable exists as a typical example
of radio frequency line for transmitting radio frequency sig-
nals. A coaxial cable includes a central conductor (signal
conductor) shaped to extend in one direction (shaped to
extend in the direction of signal transmission), and a shield
conductor provided concentrically along the outer peripheral
surface of the central conductor.

Incidentally, as radio frequency devices including mobile
communications terminals have become increasingly smaller
and thinner in recent years, it is not possible to secure a space
for disposing a coaxial cable inside the terminal housing in
some cases.

Accordingly, attention is being given to use of a flat cable
as discussed in each of International Publication No. WO
2011/007660 and Japanese Registered Utility Model No.
3173143 for such a terminal housing. Although a flat cable
has a larger width than a coaxial cable, a flat cable can be
reduced in thickness, which proves particularly advantageous
for cases such as when there is only a small gap inside the
terminal housing.

The flat cable discussed in each of International Publica-
tion No. WO 2011/007660 and Japanese Registered Utility
Model No. 3173143 has a tri-plate strip line structure as its
basic structure.

The flat cable as discussed in each of International Publi-
cation No. WO 2011/007660 and Japanese Registered Utility
Model No. 3173143 has a flat plate-like dielectric element
having flexibility and an insulating property. The dielectric
element has an elongated shape extending in a straight line. A
second ground conductor is provided on a second surface
orthogonal to the thickness direction of the dielectric element.
The second ground conductor is a so-called solid conductor
pattern that covers substantially the entire second surface of
the dielectric element. A first conductor is provided on a first
surface opposite to the second surface of the dielectric ele-
ment. The first ground conductor includes elongated conduc-
tors, which are shaped to extend along the longitudinal direc-
tion, at both ends of the width direction that is orthogonal to
the longitudinal direction and the thickness direction. The
two elongated conductors are connected by bridge conduc-
tors. The bridge conductors are disposed at predetermined
spacings along the longitudinal direction, and shaped to
extend in the width direction. Consequently, the second
ground conductor has a shape such that openings with a
predetermined length are arranged along the longitudinal
direction. The bridge conductors for forming these openings
are generally disposed at regular spacings along the longitu-
dinal direction.

10

15

20

25

30

35

40

45

50

55

60

65

2

A signal conductor with a predetermined width and a pre-
determined thickness is formed in the middle of the thickness
direction of the dielectric element. The signal conductor has
an elongated shape that extends in a direction parallel to the
elongated conductors of the first ground conductor and the
second ground conductor. The signal conductor is formed
substantially at the center of the width direction of the dielec-
tric element.

With the above-mentioned configuration, in plan view of
the flat cable (when viewed in a direction orthogonal to the
first surface and the second surface), the signal conductor is
disposed so as to overlap the first ground conductor only in
the location of the bridge conductors, and lie within the open-
ings in other areas.

The flat cable as discussed in International Publication No.
WO 2011/007660 and Japanese Registered Utility Model No.
3173143 includes interlayer connection conductors in order
to provide electrical continuity between the first ground con-
ductor and the second ground conductor. The interlayer con-
nection conductors penetrate the dielectric element in the
thickness direction. The interlayer connection conductors are
formed in the connecting areas of the elongated conductors of
the first ground conductor with the bridge conductors.

However, further reductions in width are desired for the
thin flat cable as mentioned above. In order to ensure that a flat
cable has the same characteristic impedance after being
reduced in width as that before the reduction in width, it is
necessary to narrow the width of the elongated conductors of
the first ground conductor.

However, in the case of the structure in which the interlayer
connection conductors formed by conductive vias are formed
in the elongated conductors as mentioned above, the narrower
width of the elongated conductors means that the diameter of
the interlayer connection conductors also needs to be made
smaller. The interlayer connection conductors are each
formed by filling a through-hole or excavated hole with a
conductive paste and then curing the conductive paste. Con-
sequently, when the interlayer connection conductors have a
small diameter, the interlayer connection conductors are sus-
ceptible to breakage from the stress exerted when the flat
cable is bent. Moreover, the narrow width of the elongated
conductors makes it difficult to form the through-hole or
excavated hole at a predetermined position, leading to an
increase in work load or a decrease in manufacturing yield.
Further, in a case where the bridge conductors are narrow, the
stress exerted on the interlayer connection conductors when
the flat cable is bent is exerted on the bridge conductors
located near the interlayer connection conductors having high
hardness, which may cause the bridge conductors to break in
some cases. As described above, with the conventional struc-
ture, narrowing the width of the flat cable leads to a decrease
in the reliability of the flat cable.

SUMMARY OF THE INVENTION

Accordingly, preferred embodiments of the present inven-
tion provide a flat cable that does not decrease in reliability
even when its width is narrowed, as compared with a case
where the flat cable has a large width.

A flat cable according to a preferred embodiment of the
present invention includes a dielectric element, a signal con-
ductor, a first ground conductor, a second ground conductors,
and an interlayer connection conductor. The dielectric ele-
ment preferably is in the form of a flat plate, and configured to
extend along the longitudinal direction. The signal conductor
is disposed in the dielectric element, and configured to extend
along the longitudinal direction. The first ground conductor is
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located on a surface at one end of the thickness direction of the
dielectric element, and configured to extend along the longi-
tudinal direction. The second ground conductor is located on
a surface at the other end of the thickness direction of the
dielectric element, and configured to extend along the longi-
tudinal direction. The interlayer connection conductor is con-
figured to extend in the thickness direction of the dielectric
element, and connects the first ground conductor and the
second ground conductor.

The first ground conductor includes two elongated conduc-
tors that are spaced from each other at opposite ends of the
width direction, a plurality of bridge conductors that connect
the two elongated conductors at spaced points along the lon-
gitudinal direction, and a widened portion that is located at a
predetermined position between the bridge conductors along
the longitudinal direction in each of the elongated conductors,
the widened portion being widened in a direction in which the
two elongated conductors are opposed to each other. The
interlayer connection conductor is provided in the widened
portion.

According to this configuration, the interlayer connection
conductor is provided in the widened portion provided in each
of the elongated conductors. Therefore, the diameter of the
interlayer connection conductor is large. In this regard, the
widened portion is configured to widen in a direction in which
the elongated conductors are opposed to each other, in other
words, toward the center of the width direction of the flat
cable. Therefore, the width of the flat cable does not increase.

Preferably, the widened portion of the flat cable according
to a preferred embodiment of the present invention includes
an enlarged portion. The enlarged portion becomes gradually
wider along the longitudinal direction from the width of each
of the elongated conductors to the width of the widened
portion.

According to this configuration, an abrupt change in char-
acteristic impedance in the widened portion is prevented, and
transmission loss is significantly reduced. In addition, since
the area over which the interlayer connection conductor is
provided becomes larger, the interlayer connection conductor
is formed more easily.

Preferably, the widened portion of the flat cable according
to a preferred embodiment of the present invention is located
at substantially the midpoint position of the bridge conduc-
tors that are adjacent to each other along the longitudinal
direction.

According to this configuration, the interlayer connection
conductor that connects to the ground is disposed at the inter-
mediate position between the bridge conductors where the
maximum value of characteristic impedance occurs. There-
fore, the maximum value is significantly reduced or mini-
mized. As a result, characteristic impedance is adjusted. Fur-
ther, it is possible to significantly reduce or prevent the
occurrence of an unwanted standing wave having a low fre-
quency determined by the position of the maximum value of
characteristic impedance.

In the flat cable according to a preferred embodiment of the
present invention, a position along the longitudinal direction
of'the widened portion included in the first elongated conduc-
tor may differ from a position along the longitudinal direction
of the widened portion included in the second elongated
conductor.

According to this configuration, even though the widened
portion is provided, the two elongated conductors can be
separated from each other by a predetermined spacing or
more at any position along the longitudinal direction. As a
result, the width of the signal conductor is made large, thus
improving transmission loss.
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Preferably, the interlayer connection conductor of the flat
cable according to a preferred embodiment of the present
invention has a diameter larger than the width of each of the
elongated conductors.

This configuration describes a specific numerical example
of the diameter of the interlayer connection conductor.
Because the interlayer connection conductor can be made
larger in diameter than the elongated conductors, it is easy to
form the elongated conductors, and also the difference in
potential between the first ground conductor and the second
ground conductor is eliminated more reliably. In addition,
breakage dueto bending of the flat cable does not easily occur.

Each of the bridge conductors of the flat cable according to
a preferred embodiment of the present invention may have a
width smaller than the width of each of the elongated con-
ductors.

According to this configuration, because the bridge con-
ductors preferably have a small width, the inductance of the
bridge conductors is large. As a result, the characteristic
impedance is adjusted over a wider range. In addition,
because the width of the signal conductor opposed to the
bridge conductors in the thickness direction is increased,
conductor loss of the signal conductor is significantly
reduced.

Preferably, in the flat cable according to a preferred
embodiment of the present invention, the signal conductor
has a width that is smaller in locations close to each of the
bridge conductors and the widened portion of each of the
elongated conductors than in other locations.

According to this configuration, an increase in the capaci-
tive property in locations close to the bridge conductors and
the elongated conductors is significantly reduced or mini-
mized, thus enabling an adjustment to provide a desired char-
acteristic impedance.

The flat cable according to a preferred embodiment of the
present invention may include a connector member that con-
nects to the signal conductor, the connector member being
provided at least at one end of the longitudinal direction.

According to this configuration, the provision of the con-
nector member allows the flat cable to be easily connected to
an external circuit board or the like.

Further, another preferred embodiment of the present
invention provides an electronic device including any one of
the flat cables according to preferred embodiments described
above, a plurality of mounting circuit boards that are con-
nected by the flat cable, and a housing in which the mounting
circuit boards are built.

This configuration describes an electronic device using the
flat cable mentioned above. By using the flat cable mentioned
above, regardless of how the plurality of mounting circuit
boards disposed inside the housing are connected, RF signals
are transmitted between the mounting circuit boards without
causing an increase in transmission loss.

According to various preferred embodiments of the present
invention, it is possible to realize a flat cable that has high
reliability and has a small width.

The above and other elements, features, steps, characteris-
tics and advantages of the present invention will become more
apparent from the following detailed description of the pre-
ferred embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is an external perspective view of a flat cable accord-
ing to a first preferred embodiment of the present invention.

FIG. 2 is an exploded perspective view illustrating a por-
tion of a transmission line section.
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FIGS. 3A to 3D are a plan view and cross-sectional views,
respectively, each illustrating a portion of the transmission
line section.

FIG. 4 illustrates the distribution of characteristic imped-
ance along the longitudinal direction of the flat cable accord-
ing to the first preferred embodiment of the present invention.

FIGS. 5A and 5B are a side cross-sectional view and a plan
cross-sectional view, respectively, each illustrating a configu-
ration of the components of a portable electronic device
according to the first preferred embodiment of the present
invention.

FIG. 6 is a plan view illustrating a portion of a transmission
line section of a flat cable according to a second preferred
embodiment of the present invention.

FIG. 7 is a plan view illustrating a portion of a transmission
line section of a flat cable according to a third preferred
embodiment of the present invention.

FIG. 8 is an exploded perspective view illustrating a por-
tion of a transmission line section of a flat cable according to
a fourth preferred embodiment of the present invention.

FIG. 9 is a plan view illustrating a portion of the transmis-
sion line section of the flat cable according to the fourth
preferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A flat cable according to a first preferred embodiment of
the present invention will be described with reference to
figures. FIG. 1 is an external perspective view of a flat cable
according to the first preferred embodiment of the present
invention. FIG. 2 is an exploded perspective view illustrating
a portion of a transmission line section. FIGS. 3A, and 3B to
3D are a plan view and cross-sectional views, respectively,
each illustrating a portion of the transmission line section.
FIG. 3A is a plan view of a transmission line section 10 as
seen from the first principal surface side, with a dielectric
element 110 omitted. FIG. 3B illustrates a cross-section along
A-A of FIG. 3A, and FIG. 3C illustrates a cross-section along
B-B of FIG. 3A. FIG. 3D illustrates a cross-section along C-C
of FIG. 3A. FIG. 3A is a plan view of the transmission line
section 10 as seen from the first principal surface side, with a
dielectric element omitted.

The flat cable 60 includes the transmission line section 10,
and two coaxial connectors 61. The transmission line section
10 preferably has a flat plate-shaped configuration and an
elongated shape. The two coaxial connectors 61 are located at
opposite longitudinal ends of the transmission line section 10.
The coaxial connectors 61 are located on the second principal
surface (corresponding to the other surface according to the
present invention) side of the transmission line section 10. A
central conductor (not illustrated) of each of the coaxial con-
nectors 61 is connected to an end portion of a signal conductor
40 (see FIGS. 2 and 3) of the transmission line section 10.
Further, an external conductor (not illustrated) of each of the
coaxial connectors 61 is connected to a second ground con-
ductor 30 of the transmission line section 10.

The coaxial connectors 61 may be omitted, and may not be
coaxial. In a case where the coaxial connectors 61 are omit-
ted, the signal conductor 40, and a first ground conductor and
the second ground conductor 30 may be exposed to the out-
side in the vicinity of both ends of the transmission line
section 10. The coaxial connectors 61 may be located on
different surfaces. For example, the coaxial connector 61 at
one end may be located on the first principal surface side, and
the coaxial connector 61 at the other end may be located on
the second principal surface side.
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The outward appearance of the transmission line section 10
is such that the dielectric element 110 having a flat plate-
shaped configuration is sandwiched by a protective layer 120
and a protective layer 130 from both ends of the thickness
direction of the dielectric element 110. Specifically, on the
first principal surface side corresponding to one end surface
of the thickness direction of the dielectric element 110, the
protective layer 120 is provided over substantially the entire
surface of the dielectric element 110. On the second principal
surface side corresponding to the other end surface of the
thickness direction of the dielectric element 110, the protec-
tive layer 130 is provided over substantially the entire surface
of the dielectric element 110.

The transmission line section 10 includes the dielectric
element 110 preferably having an elongated flat plate-shaped
configuration. The dielectric element 110 is made from, for
example, a flexible material having insulating property such
as polyimide or liquid crystal polymer.

The signal conductor 40 preferably has a flat film-shaped
configuration, and is located substantially at the center of the
thickness direction of the dielectric element 110. A width Wd
of the signal conductor 40 is preferably set so that a desired
characteristic impedance is obtained for the transmission line
section 10. Further, the width Wd of the signal conductor 40
is smaller than a spacing Won in the width direction of elon-
gated conductors 21 and 22 constituting the first ground con-
ductor 20 described later. More specifically, the width Wd of
the signal conductor 40 is smaller than a spacing Wov in the
width direction between respective widened portions 25
included in the elongated conductors 21 and 22.

The signal conductor 40 is included in the middle of the
thickness direction of the dielectric element 110. The position
of' the signal conductor 40 in the thickness direction is set so
that a desired characteristic impedance is obtained for the
transmission line section 10. The signal conductor 40 prefer-
ably is made of a material with high electrical conductivity,
for example, copper (Cu).

The first ground conductor 20 is located on the first prin-
cipal surface of the dielectric element 110. The first ground
conductor 20 includes the elongated conductors 21 and 22
and a plurality of bridge conductors 23. The first ground
conductor 20 is also made of a material with high electrical
conductivity, for example, copper (Cu).

The elongated conductors 21 and 22 have an elongated
shape extending along the longitudinal direction of the
dielectric element 110. The elongated conductor 21 is located
atone end of the width direction of the dielectric element 110,
and the elongated conductor 22 is located at the other end of
the width direction of the dielectric element 110. The elon-
gated conductors 21 and 22 are located at a predetermined
spacing along the width direction of the dielectric element
110.

The bridge conductors 23 are configured to extend in the
width direction of the dielectric element 110. The plurality of
bridge conductors 23 are located at spaced points along the
longitudinal direction of the dielectric element 110. As a
result, as viewed in a direction orthogonal to the first principal
surface side (as viewed along the thickness direction), an
opening 24 is located between the bridge conductors 23.

In this way, the first ground conductor 20 has a ladder-
shaped configuration extending in the longitudinal direction.

Further, the first ground conductor 20 includes the widened
portion 25 at a predetermined position in the longitudinal
direction of each of the elongated conductors 21 and 22.

The widened portion 25 has a width WLV larger than a
width WLd of the elongated conductors 21 and 22. A width
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Wov between the respective widened portions 25 of the elon-
gated conductors 21 and 22 is determined by the width WLV.
The widened portion 25 is located at substantially the inter-
mediate position of adjacent bridge conductors 23 along the
longitudinal direction of the elongated conductors 21 and 22.
In other words, the widened portion 25 is located at substan-
tially the middle position along the longitudinal direction of
the opening 24 of the first ground conductor 20. For example,
letting Lo be the length along the longitudinal direction of the
opening 24, the widened portion 25 is configured so that the
spacing between the center position of the longitudinal direc-
tion of the widened portion 25, and an end portion of the
longitudinal direction of the opening 24 is Lo/2.

The widened portion 25 preferably has a shape that
projects in such a way that the elongated conductors 21 and 22
are opposed to each other along the width direction. In other
words, the widened portion 25 preferably has a shape that
projects toward the center of the width direction of the trans-
mission line section 10 (flat cable 60). Consequently, the
provision of the widened portion 25 does not cause the width
of the transmission line section 10 to increase.

The length along the longitudinal direction of the widened
portion 25 is larger than a width (length along the longitudinal
direction) Wb of the bridge conductors 23. Further, as a more
specific design value, the length along the longitudinal direc-
tion of the widened portion 25 is set as appropriate on the
basis of the diameter ¢ of an interlayer connection conductor
50 that connects the first ground conductor 20 and the second
ground conductor 30. For example, the length along the lon-
gitudinal direction of the widened portion 25 is set to a value
equal to the diameter ¢ of the interlayer connection conductor
50 plus a manufacturing error for the interlayer connection
conductor 50.

The second ground conductor 30 is located on the second
principal surface of the dielectric element 110. The second
ground conductor 30 is provided over the entire surface of the
dielectric element 110. The second ground conductor 30 is
also made of a material with high electrical conductivity, for
example, copper (Cu).

The interlayer connection conductor 50 is a so-called con-
ductive via conductor, which is a conductor penetrating the
dielectric element 110 in the thickness direction. The inter-
layer connection conductor 50 is preferably formed by filling
a through-hole formed in the dielectric element 110 with a
conductive paste, and then curing the conductive paste. Con-
sequently, the interlayer connection conductor 50 connects
the first ground conductor 20 and the second ground conduc-
tor 30.

The interlayer connection conductor 50 is included in the
widened portion 25 of each of the elongated conductors 21
and 22 of'the first ground conductor 20. The diameter ¢ of the
interlayer connection conductor 50 is shorter than the width
WLV and length along the longitudinal direction of the wid-
ened portion 25. In this regard, preferably, the diameter ¢ of
the interlayer connection conductor 50 is larger than the width
Wb of the bridge conductors 23. Preferably, the interlayer
connection conductor 50 is configured such that the center of
the interlayer connection conductor 50 in plan view substan-
tially coincides with the center of the widened portion 25 in
plan view.

This configuration makes it possible to realize a so-called
tri-plate transmission line having such a shape that the signal
conductor 40 included inside the dielectric element 110 is
sandwiched by the first ground conductor 20 and the second
ground conductor 30. Then, for the tri-plate transmission line
configured in this way, as mentioned above, the protective
layer 120 is located on the first principal surface side of the
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dielectric element 110, and the protective layer 130 is located
on the second principal surface side of the dielectric element
110. As aresult, the transmission line section 10 according to
this preferred embodiment is realized.

By using the configuration according to this preferred
embodiment, even when the width WLd of the elongated
conductors 21 and 22 is made small, the interlayer connection
conductor 50 can be provided without making its diameter
smaller. As a result, the interlayer connection conductor 50
with a large diameter can be provided even when the width of
the transmission line section 10 is narrowed.

Further, with the configuration according to this preferred
embodiment, the diameter ¢ of the interlayer connection con-
ductor 50 is made large. Therefore, the interlayer connection
conductor 50 does not easily break even when the transmis-
sion line section 10 is bent. Moreover, the stress exerted on the
bridge conductors 23, which is generated when the transmis-
sion line section 10 is bent if the interlayer connection con-
ductor 50 is disposed in close proximity to the bridge con-
ductors 23, decreases. As a result, breakage of the bridge
conductors 23 is reliably prevented or minimized.

The large diameter ¢ of the interlayer connection conduc-
tor 50 lowers the resistance of the interlayer connection con-
ductor 50, which makes it possible to provide the connection
between the first ground conductor 20 and the second ground
conductor 30 with lower resistance. Therefore, the difference
in potential between the second ground conductor 30 thatisa
main ground, and the first ground conductor 20 that is an
auxiliary ground can be set to substantially “0”, thus realizing
an ideal ground with which the first ground conductor 20 and
the second ground conductor 30 are at the same or substan-
tially the same potential.

Although the diameter ¢ of the interlayer connection con-
ductor 50 is preferably larger than the width WLd of the
elongated conductors 21 and 22, the diameter ¢ can be also set
equal to or smaller than the width WLd. Further, although the
diameter ¢ of the interlayer connection conductor 50 is pref-
erably larger than the width Wb of the bridge conductors 23,
the diameter ¢ can be also set equal to or smaller than the
width Wb. These configurations also provide the operational
effect of preventing or minimizing breakage of the bridge
conductors 23.

The interlayer connection conductor 50 is not only
included in the widened portion 25 but can be also addition-
ally included in, for example, an area where each of the bridge
conductors 23 connects with the elongated conductor 21 or
22. However, by providing the interlayer connection conduc-
tor 50 only in the widened portion 25 as in the configuration
according to this preferred embodiment, the width of the
bridge conductors is set without regard to the diameter ¢ of
the interlayer connection conductor 50. As a result, the width
Wb of the bridge conductors 23 are narrowed. Therefore, the
inductance of the bridge conductors 23 is increased, thus
allowing the inductance of the bridge conductors 23 to be set
over a wider range. As a result, a desired characteristic imped-
ance is achieved more easily.

Although the widened portion 25 and the interlayer con-
nection conductor 50 are preferably located at substantially
the intermediate position of the longitudinal direction of the
bridge conductors 23, their positions may be displaced from
this position along the longitudinal direction.

In particular, the following operational effect is attained in
a case where the widened portion 25 and the interlayer con-
nection conductor 50 are located at substantially the interme-
diate position of the longitudinal direction of the bridge con-
ductors 23. FIG. 4 illustrates the distribution of characteristic
impedance along the longitudinal direction of the flat cable
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according to the first preferred embodiment of the present
invention. In FIG. 4, the solid line indicates the characteristic
impedance of the flat cable according to this preferred
embodiment, and the dotted line indicates the characteristic
impedance of a flat cable according to related art. As illus-
trated in FIG. 4, in each of the flat cables according to this
preferred embodiment and related art, basically, the charac-
teristic impedance has periodicity in accordance with the
spacing of the bridge conductors 23, and is set so as to become
a desired characteristic impedance Zo as a whole.

Specifically, in the flat cable having a structure according
to related art, as indicated by the dotted line in FIG. 4, the
inductance becomes maximum at the middle position of the
opening 24 (the intermediate position between the bridge
conductors 23). Accordingly, the characteristic impedance
also becomes maximum at the middle position of the opening
24.

In this regard, in a case where the configuration according
to this preferred embodiment is used, in the portion where the
widened portion 25 and the interlayer connection conductor
50 are provided, the distance between each of the widened
portion 25 and the interlayer connection conductor 50, and
the signal conductor 40 is smaller than in the portion of the
elongated conductors 21 and 22 where the widened portion
25 is not provided. Therefore, in the portion where the wid-
ened portion 25 and the interlayer connection conductor 50
are provided, the capacitive coupling between each of the
widened portion 25 and the interlayer connection conductor
50, and the signal conductor 40 becomes stronger than in the
portion of the elongated conductors 21 and 22 where the
widened portion 25 is not provided. That is, the C-property
becomes strong.

Because the C-property at the middle position of the open-
ing 24 is increased in this way, as indicated by the solid line in
FIG. 4, a depression where characteristic impedance
decreases is formed at the position of maximum characteristic
impedance. As a result, the maximum value of characteristic
impedance is significantly reduced. Further, this reduced
value can be adjusted by the shapes of the widened portion 25
and interlayer connection conductor 50. Therefore, by using
the configuration according to this preferred embodiment, the
adjustment range to achieve a desired characteristic imped-
ance is increased, thus making it easier to achieve a desired
characteristic impedance.

Anunwanted standing wave occurs depending on the inter-
val of the maximum value of this characteristic impedance.
However, by using the configuration according to this pre-
ferred embodiment, the maximum value of characteristic
impedance is significantly reduced, thus preventing or mini-
mizing the occurrence of an unwanted standing wave. In this
regard, for example, depending on the interval of the maxi-
mum value of characteristic impedance (depending on the
length of the opening), there are cases where the frequency of
an unwanted standing wave becomes closer to the frequency
of a radio frequency signal transmitted by the transmission
line section 10, causing deterioration of the signal to noise
ratio, or the like. Occurrence of such a problem is reliably
prevented or minimized. This problem can be also solved by
adjusting the positions at which to dispose the widened por-
tion 25 and the interlayer connection conductor 50.

The flat cable having the above-mentioned structure is
manufactured as follows, for example.

For example, a first insulating sheet with copper clad on
two sides, and a second insulating sheet with copper clad on
one side are prepared.

The first ground conductor 20 including the elongated con-
ductors 21 and 22, the bridge conductors 23, and the widened
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portion 25 is formed by a so-called patterning process on the
first principal surface side of the first insulating sheet. The
signal conductor 40 is formed by a patterning process on the
second principal surface side of the first insulating sheet. At
this time, a plurality of sets of such first ground conductors 20
and signal conductors 40 are arranged on the first insulating
sheet.

The second ground conductor 30 is formed by a so-called
patterning process on the second principal surface side of the
second insulating sheet. At this time, a plurality of such sec-
ond ground conductors 30 are arranged on the second insu-
lating sheet.

The first insulating sheet and the second insulating sheet
are bonded together so that each of the first ground conductors
20 and each of the second ground conductors 30 are opposed
to each other. At this time, the first insulating sheet and the
second insulating sheet are bonded together so that the signal
conductor 40 is located between the first insulating sheet and
the second insulating sheet. As a result, a plurality of com-
posites are obtained, each of which has the first ground con-
ductor 20 and the second ground conductor 30 formed on both
surfaces of a dielectric element with the signal conductor 40
provided at the intermediate position of the thickness direc-
tion.

A hole is formed with laser or the like in a portion of each
of'these composites where the widened portion 25 is formed.
The hole formed in this way is filled with a conductive paste
containing metal powder of copper, silver, or the like as its
main component, and this conductive paste is sintered by heat
treatment, thus forming the interlayer connection conductor
50. Atthis time, owing to the large area of the widened portion
as mentioned above, displacement of the hole formed with
laser from the widened portion 25 is prevented or minimized.
Thus, the hole is formed easily. Moreover, the large diameter
because ¢ of the interlayer connection conductor 50 makes
filling of the conductive paste easy. In this way, by using the
configuration according to this preferred embodiment, the
interlayer connection conductor 50 is formed easily.

Each individual transmission line section 10 is cut out from
this composite. The protective layers 120 and 130 are formed
onthe transmission line section 10. The coaxial connectors 61
are placed at opposite longitudinal ends of the transmission
line section 10, and on the surface located on the side of the
transmission line section 10 which is provided with the pro-
tective layer 130.

The flat cable 60 having the above-mentioned structure can
be used for a portable electronic device as described below,
for example. FIG. 5A is a side cross-sectional view illustrat-
ing a configuration of the components of a portable electronic
device according to the first preferred embodiment of the
present invention. FIG. 5B is a plan cross-sectional view for
explaining the configuration of the components of the por-
table electronic device.

A portable electronic device 1 includes a thin device hous-
ing 2. Mounting circuit boards 3A and 3B, and a battery pack
4 are disposed inside the device housing 2. A plurality of IC
chips 5 and mounting components 6 are mounted on the
surfaces of the mounting circuit boards 3A and 3B. The
mounting circuit boards 3A and 3B and the battery pack 4 are
placed in the device housing 2 so that, in plan view of the
device housing 2, the battery pack 4 is disposed between the
mounting circuit boards 3A and 3B. Because the device hous-
ing 2 is made as thin as possible, the space between the battery
pack 4 and the device housing 2 is very narrow in the thick-
ness direction of the device housing 2. Therefore, the coaxial
cable cannot be disposed in this space. The flat cable 60 is
used to connect an antenna element and a feeder circuit.
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However, by disposing the flat cable 60 according to this
preferred embodiment so that the thickness direction of the
flat cable 60 coincides with the thickness direction of the
device housing 2, the flat cable 60 can be passed between the
battery pack 4 and the device housing 2. As a result, the
mounting circuit boards 3A and 3B that are spaced apart from
each other with the battery pack 4 therebetween are con-
nected by the flat cable 60.

Further, by using the flat cable 60 having the configuration
according to this preferred embodiment, the width of the flat
cable 60 is narrowed. As a result, the area in which the flat
cable 60 is routed is made small, thus securing a larger elec-
tronic component mounting area on the surface of the battery
pack, for example.

Next, a flat cable according to a second preferred embodi-
ment of the present invention will be described with reference
to a figure. FIG. 6 is a plan view illustrating a portion of a
transmission line section of the flat cable according to the
second preferred embodiment of the present invention. In
FIG. 6, the dielectric element is not illustrated.

A transmission line section 10A of the flat cable according
to this preferred embodiment differs from the transmission
line section 10 according to the first preferred embodiment in
the structures of a widened portion 25A, bridge conductors
23A, and a signal conductor 40A. Otherwise, the transmis-
sion line section 10A preferably is of the same configuration
as the transmission line section 10 according to the first pre-
ferred embodiment. Therefore, only the differences from the
transmission line section 10 according to the first preferred
embodiment will be described.

The widened portion 25 A includes an enlarged portion 250
at either end along the longitudinal direction of the transmis-
sion line section 10A. The enlarged portion 250 preferably
has a shape such that the amount of its projection from the
elongated conductor 21 or 22 increases with increasing prox-
imity to the widened portion 25, and the amount of its pro-
jection from the elongated conductor 21 or 22 decreases with
increasing proximity to the bridge conductors 23. The length
along the longitudinal direction of the enlarged portion 250
may be set as appropriate. This structure makes it possible to
prevent characteristic impedance from changing abruptly at
the boundary between an area where the widened portion 25A
is located and an area where the widened portion 25A is not
located. As aresult, transmission loss is significantly reduced.

Because the area in which the interlayer connection con-
ductor 50 can be located becomes larger, the interlayer con-
nection conductor 50 is formed more easily. In addition,
characteristic impedance is preferably set over a wider range,
thus making it easier to achieve a desired characteristic
impedance.

The bridge conductors 23 A preferably have a shape whose
width (length along the longitudinal direction of the transmis-
sion line section 10A) increases with increasing proximity to
the ends that connect with the elongated conductors 21 and
22. This shape makes it possible to prevent characteristic
impedance from changing abruptly at the boundary between
a portion where each of the bridge conductors 23 A is placed
and an opening 24A. As a result, transmission loss is signifi-
cantly reduced. In addition, in a case where an auxiliary
interlayer connection conductor is to be provided in the con-
necting area between each of the bridge conductors 23A and
the elongated conductor 21 or 22, the auxiliary interlayer
connection conductor is provided over a large area. As a
result, the interlayer connection conductor is formed easily.
In addition, the diameter of this auxiliary interlayer connec-
tion conductor is made large.
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Inthe signal conductor 40A, as compared with the width of
an area opposed to the bridge conductors 23 A, and the width
Wd of an area located at the same position as the widened
portion 25 A along the longitudinal direction, a width Wdw of
other areas is larger. This configuration makes it possible to
reduce the radio frequency resistance of the signal conductor
40A. As a result, conductor loss of the transmission line
section 10A is significantly reduced. In addition, conversely,
by narrowing the width of the area opposed to the bridge
conductors 23 A, and the width Wd of the area located at the
same position as the widened portion 25A along the longitu-
dinal direction, an increase in capacitive property in locations
close to the bridge conductors 23 A and the widened portion
25A is prevented or minimized. As a result, a desired charac-
teristic impedance can be achieved.

Next, a flat cable according to a third preferred embodi-
ment of the present invention will be described with reference
to a figure. FIG. 7 is a plan view illustrating a portion of a
transmission line section of the flat cable according to the
third preferred embodiment of the present invention. In FIG.
7, the dielectric element is not illustrated.

A transmission line section 10B of the flat cable according
to this preferred embodiment differs from the transmission
line section 10A according to the second preferred embodi-
ment in the structures of bridge conductors 23B, and a signal
conductor 40B. Otherwise, the transmission line section 10B
preferably is of the same configuration as the transmission
line section 10A according to the second preferred embodi-
ment. Therefore, only the differences from the transmission
line section 10A according to the second preferred embodi-
ment will be described.

A width Wbb of the bridge conductors 23B is narrower in
accordance with the desired impedance. As a result, an induc-
tance that cannot be achieved by the structures according to
related art or the preferred embodiments mentioned above is
achieved. Therefore, characteristic impedance is set over a
wider range.

The signal conductor 40B has a large width We in an area
opposed to each of the bridge conductors 23B. For example,
as illustrated in FIG. 7, the width We of the area opposed to
each of the bridge conductors 23B is larger than the width Wd
of'an area located at the same position as the widened portion
25, and is smaller than a width Wdwb of other areas. This
structure also allows the width of the bridge conductors 23B
to be narrowed, thus making it possible to set the capacitance
generated between each of the bridge conductors 23B and the
signal conductor 40B to a desired value. Further, the
increased width of the signal conductor 40B enables a further
reduction in the radio frequency resistance of the signal con-
ductor 40B. As a result, conductor loss of the transmission
line section 10B is further reduced.

Next, a flat cable according to a fourth preferred embodi-
ment of the present invention will be described with reference
to figures. FIG. 8 is an exploded perspective view illustrating
a portion of a transmission line section of the flat cable
according to the fourth preferred embodiment of the present
invention. FIG. 9 is a plan view illustrating a portion of the
transmission line section of the flat cable according to the
fourth preferred embodiment of the present invention. In FIG.
9, the dielectric element is not illustrated.

A transmission line section 10C of the flat cable according
to this preferred embodiment differs from the transmission
line section 10 according to the first preferred embodiment in
the structures of widened portions 25C1 and 25C2, and a
signal conductor 40C. Otherwise, the transmission line sec-
tion 10C preferably is of the same configuration as the trans-
mission line section 10 according to the first preferred
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embodiment. Therefore, only the differences from the trans-
mission line section 10 according to the first preferred
embodiment will be described.

The widened portion 25C1 is included in the elongated
conductor 21, and the widened portion 25C2 is included in the
elongated conductor 22. The widened portion 25C1 and the
widened portion 25C2 are disposed at different positions
along the longitudinal direction of the elongated conductors
21 and 22, respectively. In this regard, the respective positions
of'the widened portion 25C1 and widened portion 25C2 along
the longitudinal direction of the elongated conductors 21 and
22 do not overlap each other at all. In other words, there is a
space Gd between the edge on the widened portion 25C2 side
of the widened portion 25C1 and the edge on the widened
portion 25C1 side of the widened portion 25C2, along the
longitudinal direction of the elongated conductors 21 and 22.

This configuration makes it possible to separate the elon-
gated conductor 21 including the widened portion 25C1 and
the elongated conductor 22 including the widened portion
25C2 from each other by a predetermined spacing or more, at
any position along the longitudinal direction of the transmis-
sion line section 10C.

The signal conductor 40C preferably has a shape that
meanders along the longitudinal direction of the transmission
line section 10C. More specifically, in an area along the
longitudinal direction where the widened portion 25C1 is
located in plan view of the transmission line section 10C, the
signal conductor 40C passes between the widened portion
25C1 and the elongated conductor 22. In an area along the
longitudinal direction where the widened portion 25C2 is
located in plan view of the transmission line section 10C, the
signal conductor 40C passes between the elongated conduc-
tor 21 and the widened portion 25C2. Further, in plan view of
the transmission line section 10C, in an area between the
widened portions 25C1 and the 25C2 along the longitudinal
direction, the signal conductor 40C passes between the wid-
ened portions 25C1 and 25C2 at substantially the same dis-
tance from the widened portions 25C1 and 25C2.

A width Wdc of the signal conductor 40C, that is, the
length in a direction orthogonal to the direction in which the
signal conductor 40C extends, is constant.

Because the widened portions 25C1 and the widened por-
tion 25C2 are located at different positions along the longi-
tudinal direction as described above, the space between the
elongated conductor 21 including the widened portion 25C1
and the elongated conductor 22 including the widened por-
tion 25C2 becomes wider than that in the configuration
according to the first preferred embodiment in which the with
portions 25C1 and 25C2 are opposed to each other.

Therefore, the width Wdc of the signal conductor 40C is
preferably made larger than the width Wd of the signal con-
ductor 40 according to the first preferred embodiment men-
tioned above, at any position along the direction in which the
signal conductor 40C extends. As a result, conductor loss of
the signal conductor 40C is significantly reduced or pre-
vented, thus further improving the transmission characteris-
tics of the transmission line section 10C.

The configuration according to this preferred embodiment
can combine the configurations according to the second and
third preferred embodiments mentioned above.

While the widened portion is preferably provided between
every pair of adjacent bridge conductors in the preferred
embodiments mentioned above, an area where the widened
portion is not provided between adjacent bridge conductors
may be provided partially along the longitudinal direction.
The widened portion may be provided in only one of the
elongated conductors 21 and 22. A plurality of widened por-
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tions may be provided between adjacent bridge conductors.
The amount of projection or width of the widened portion
may be varied for each position in which the widened portion
is provided, and the diameter of the interlayer connection
conductor may be varied accordingly.

While the above preferred embodiments are preferably
directed to the case where the interlayer connection conduc-
tor is a so-called via-hole conductor obtained by filling a hole
formed in an insulating sheet with a conductive paste, and
changing the conductive paste to metal, this should not be
construed restrictively. The interlayer connection conductor
may be a so-called through-hole conductor obtained by pro-
viding the inner periphery of a hole with a plating film.

While preferred embodiments of the present invention
have been described above, it is to be understood that varia-
tions and modifications will be apparent to those skilled in the
art without departing from the scope and spirit of the present
invention. The scope of the present invention, therefore, is to
be determined solely by the following claims.

What is claimed is:

1. A flat cable comprising:

a dielectric element that has a flat plate-shape configuration
and extends along a longitudinal direction;

a signal conductor that is disposed in the dielectric element
and extends along the longitudinal direction;

a first ground conductor that is located on a surface at one
end of a thickness direction of the dielectric element and
extends along the longitudinal direction;

a second ground conductor that is located on a surface at
another end of the thickness direction of the dielectric
element and extends along the longitudinal direction;
and

an interlayer connection conductor that extends in the
thickness direction of the dielectric element and con-
nects the first ground conductor and the second ground
conductor; wherein

the first ground conductor includes:
two elongated conductors that are spaced from each

other at opposite ends of a width direction;

a plurality of bridge conductors that connect the two
elongated conductors at spaced points along the lon-
gitudinal direction; and

a widened portion that is located between the bridge
conductors along the longitudinal direction in each of
the elongated conductors, the widened portion being
widened in a direction in which the two elongated
conductors are opposed to each other; and

the interlayer connection conductor is located in the wid-
ened portion.

2. The flat cable according to claim 1, wherein the widened
portion includes an enlarged portion configured to become
gradually wider along the longitudinal direction from a width
of'each of the elongated conductors to a width of the widened
portion.

3. The flat cable according to claim 1, wherein the widened
portion is located at or substantially at a midpoint position of
the bridge conductors that are adjacent to each other along the
longitudinal direction.

4. The flat cable according to claim 1, wherein a position
along the longitudinal direction of the widened portion
included in the first elongated conductor differs from a posi-
tion along the longitudinal direction of the widened portion
included in the second elongated conductor.

5. The flat cable according to claim 1, wherein the inter-
layer connection conductor has a diameter larger than a width
of each of the elongated conductors.
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6. The flat cable according to claim 1, wherein each of the
bridge conductors has a width smaller than a width of each of
the elongated conductors.

7. The flat cable according to claim 1, wherein the signal
conductor has a width that is smaller in locations adjacent to
each of the bridge conductors and the widened portion than in
other locations.

8. The flat cable according to claim 1, further comprising a
connector member that is connected to the signal conductor
and is provided at least at one end of the longitudinal direc-
tion.

9. The flat cable according to claim 8, wherein the connec-
tor member is a coaxial connector.

10. The flat cable according to claim 1, further comprising
a pair of connector members that are connected to the signal
conductor and provided at opposite ends of the longitudinal
direction on different surfaces.

11. The flat cable according to claim 1, further comprising
protective layers arranged to sandwich the dielectric element
therebetween.

12. The flat cable according to claim 11, wherein the pro-
tective layers are provided over substantially entire surfaces
of the dielectric element.

13. The flat cable according to claim 1, wherein the first
ground conductor has a ladder-shaped configuration extend-
ing in the longitudinal direction.
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14. The flat cable according to claim 1, wherein the first
ground conductor includes another widened portion, and the
widened portion and the another widened portion are located
at opposite ends in the longitudinal direction.

15. The flat cable according to claim 1, wherein the signal
conductor has an enlarged with portion in an area opposed to
the bridge conductors.

16. The flat cable according to claim 1, wherein the wid-
ened portion is provided in one of the two elongated conduc-
tors and another widened portion is provided in the other of
the two elongated conductors at a location different from that
of the widened portion along the longitudinal direction.

17. The flat cable according to claim 16, wherein the wid-
ened portion and the another widened portion do not overlap
each other along the longitudinal direction.

18. The flat cable according to claim 1, wherein the inter-
layer connection conductor is one of a via-hole conductor and
a through-hole conductor.

19. An electronic device comprising:

the flat cable according to claim 1;

a plurality of mounting circuit boards that are connected by

the flat cable; and

ahousing in which the mounting circuit boards are located.
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